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　Population structure of tree and shrub species within cool-temperate forests under high impacts of sika deer, Cervus 
nippon, was investigated in- and outside a deer exclosure fence over a five year period, Ashiu, Kyoto, Central Japan. The 
fixed plots were established in the Cryptomeria-dominated stands at ridgetop sites and Pterocarya-dominated stands at 
streamside sites. Size class distribution of the dominant tree species, Cryptomeria japonica var. radiacans and Fagus crenata, 
in the upper layer (> 130 cm in height) displayed negative exponential class distributions both in the fenced and control 
plots. On the other hand, in the tree sapling and shrub species layer (50-130 cm in height) , it was observed that the number 
of tree species decreased in the controls, except for the non-preferred species C. japonica var. radicans. The result would be 
most likely caused by severe deer browsing on tree saplings and shrubs. If deer browsing continues to be a selective force 
against many preferred species in this area, the ridgetop stands are projected to be mono-dominated by the C. japonica var. 
radicans. In streamside areas, deer overabundance could lead to the formation of steppe type vegetation consisting of 
unpalatable ferns and graminoids with scattered non-preferred trees, Pterostyrax hispida and Acer nipponicum. Deer 
exclosures such as a deer fence is shown to be effective in increasing plant species richness and stem density of tree 
species in the lower layer. However, the regenerated community within the deer fences differed from climatic climax 
vegetation of this area by the high abundance of disturbance-dependent species. In order to examine whether climax 
understory community can fully recover after deer exclusion, it is necessary to continue monitoring the future vegetation 
changes in the exclosures. Overall, this study shows the paramount importance of controlling the density of deer population 
in Central Japan to maintain the mixed diverse conifer-broadleaf forest stands that are still characteristic of this area.
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1．はじめに







































1996; 田中ら , 2008; 藤木ら , 2011）．例えば近年，近畿地
方北部の多雪地域においては，シカの分布域が京都府北
部から滋賀県・福井県北部へと拡大していることが報告

















検出できるほか（Nomiya et al., 2003; Tsujino and Yumoto, 
2004; Kumar et al., 2006），一度改変された植生の回復可
能性を柵内の変化から検証することも可能になる（田村 , 

























が変化することが知られており（山中 , 1993; 阪口ら , 















































（c, d）各方形区（20 × 40m）内での樹木の空間分布（c: 尾根上部のアシウスギ変群集，d: 渓流沿いのジュウモンジシダ -サワグ
ルミ群集；1: 防鹿柵区，2: 対象区）．図中のシンボルは，樹種を識別できるように以下の通り定められている（c: 黒丸 =アシウ
スギ，灰色丸 =ブナ，白抜き丸 =その他の樹種；d: An=テツカエデ，At=トチノキ，Fc=ブナ，Pt=サワグルミ，Qc=ミズナラ，
白抜き丸 =その他の樹種）．
Figure 1
(a) Location of Ashiu Forest Research Station, Nantan-city, Kyoto. The potential range of Fagus crenata forest is superimposed on the map.
(b) Location of the fixed plots for demographic survey of tree species in the fenced and control watersheds of Kamitani, Ashiu Forest 
Research Station (black rectangles indicate ridgetop plots and white rectangles indicate streamside plots). The broken line indicates the 
fence that has been established since 2006 to exclude large mammals including sika deer.
(c, d) Spatial distribution of tree stems in the plots (20×40m). In the distribution plots of ridgetop community (c1: fenced; c2: control), the 
circles with different colors indicate different species (black: Cryptomeria japonica var. radicans, gray: Fagus crenata, open: other tree 
species) with the circle size proportional to stem diameter. In the distribution plots for streamside community (d1: fenced; d2: control), the 
dominant species are distinguished by species abbreviations (An=Acer nipponicum, At=Aesculus turbinata, Fc=Fagus crenata, Pt=Pterocarya 
rhoifolia, Qc=Quercus crispula).
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2008），由良川本流沿いや本流両岸の集水域の渓流沿い













［チュウゴクザサ Sasa veitchii (Carr.) Rehder var. hirsuta 
(Koidz.) S.Suzukiを含む広義のチマキザサ Sasa palmata 
(Lat.-Marl. ex Burb.) E.G.Camusとチシマザサ Sasa 
kurilensis (Ruprecht) Makino et Shibata］が密生すると
される．実際，2000 年以前の上谷地域，とくに由良川
左岸地域では，これらのササ類によって林床が広く覆わ
















本研究は上谷地域の典型的な 2 つの集水域（lat: 




























































照区：DBH=38.2cm）（図 1d1, d2，表 2）．2011 年の処
理区内ではサワグルミの進界木が 167 本記録された（図
2e）のに対し，対照区では個体群構造に変化がなかった．
トチノキは 2011 年の段階でも，処理区（図 2f）・対照区
ともに進界木が記録されなかった．群集全体での出現種
数は，対照区でほとんど変化しなかった（20 から 18 種）












2006 年から 2011 年までの 5年間で出現種数が 2種類増
加した一方，対照区では 9種から 4種へと減少していた
（表 3）．対照区で 2011 年に消滅した種は，シカの嗜好性
が高いウスギヨウラク，クロモジ Lindera umbellata var. 
umbellata，リョウブ Clethra barbinervis，ハイイヌツゲ，
ウリハダカエデ Acer rufinerve，ウラジロガシ Quercus 
表 1　 アシウスギ変群集に設置された方形区（800m2）の上層（>130cm）に出現した木本植物のリスト．種別に調査区での出現個体数（幹
数）と胸高断面積合計（BA; cm2）を示した．
Table 1. List of tree species recorded in the upper layer (>130cm in height) of the ridgetop plots (each 800m2). Shown for each species are 
the number of stems (n) and the sum of basal area (BA; cm2). 
Species Family
Fenced Control
2006 2011 2006 2011
n BA n BA n BA n BA
Cryptomeria japonica (L. fil.) D. Don  var. radicans Nakai Cupressaceae 69 44294.7 94 47096.8 65 47094.5 87 50631.1 
Fagus crenata Blume Fagaceae 12 6385.1 14 6562.2 7 2479.9 7 2591.5 
Quercus crispula Blume Fagaceae 1 2660.3 1 2687.8 4 599.7 4 762.6 
Acer sieboldianum Miq. Aceraceae 4 570.6 4 578.8 1 918.6 1 951.1 
Magnolia obovata Thunb. Magnoliaceae 10 111.5 7 93.7 9 886.7 9 954.2 
Acanthopanax sciadophylloides Fr. et Sav. Araliaceae 7 846.1 6 908.3 
Clethra barbinervis Siebold et Zucc. Clethraceae 5 48.6 5 54.0 20 1113.9 7 307.7 
Acer rufinerve Siebold et Zucc. Aceraceae 2 472.5 2 501.0 
Ilex macropoda Miq. Aquifoliaceae 1 0.8 1 3.1 7 377.1 5 384.1 
Styrax japonica Siebold et Zucc. Styracaceae 3 277.4 3 296.7 
Styrax obassia Siebold et Zucc. Styracaceae 1 179.1 1 179.1 
Lindera erythrocarpa Makino Lauraceae 3 161.6 3 172.7 
Symplocos coreana (Lev.) Ohwi Symplocaceae 9 38.1 12 49.2 23 125.3 32 118.4 
Lyonia ovalifolia var. elliptica Ericaceae 5 79.9 5 78.5 
Hamamelis japonica Siebold et Zucc. var. obtusata 
Matsumura Hamamelidaceae 10 47.3 3 13.1 2 23.4 
Acer micranthum Siebold et Zucc. Aceraceae 2 29.5 2 33.7 
Ilex pedunculosa Miq. Aquifoliaceae 1 8.0 3 43.7 
Hydrangea paniculata Siebold et Zucc. Saxifragaceae 1 22.1 1 19.6 
Ilex sugeroki Maxim. Aquifoliaceae 5 35.1 1 4.5 
Viburnum plicatum Thunb. var. plicatum form. glabrum 
(Koidz. ex Nakai) Rehder Caprifoliaceae 1 0.8 1 1.8 3 20.2 2 6.9 
Carpinus laxiflora (Siebold et Zucc.) Blume Betulaceae 2 8.6 2 11.3 
Eurya japonica Thunb. Theaceae 3 18.2 
Acer mono Maxim. Aceraceae 1 4.5 1 4.5 
Menziesia cilicalyx (Miq.) Maxim. Ericaceae 1 1.0 2 4.7 
Benthamidia japonica (Siebold et Zucc.) Hara Cornaceae 1 1.8 1 2.3 
Lindera umbellata Thunb var. umbellata Lauraceae 1 1.3 
Total 137 54295.2 158 57302.2 163 55634.1 173 58821.0 
The number of species in total 16 17 19 17
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図 2　直径階分布として示された主要樹種の個体群構造（H>130cm）の 5 年間の変化．
Figure 2. Population demographies for dominant tree species are shown as the size class distributions. 
図 3　低木層における主要樹種の個体群構造を直径階プロットとして示した（RC: 2011 年に上層に進界した幹数）．
Figure 3. The size class distributions for dominant tree species in shrub layers. Note: RC = the number of tree stems recruited in the upper 
layer (>130cm in height) during the five years since 2006.
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表 2　 サワグルミ群集に設置された方形区（800m2）の上層（>130cm）に出現した木本植物のリスト．種別に調査区での出現個体数（幹
数）と胸高断面積合計（BA; cm2）を示した．
Table 2. List of tree species recorded in the upper layer (>130cm in height) of the streamside plots (each 800m2). Shown for each species 
are the number of stems (n) and the sum of basal area (BA; cm2). 
Species Family
Fenced Control
2006 2011 2006 2011
n BA n BA n BA n BA
Fagus crenata Blume Fagaceae 2 137.3 2 250.1 8 2857.9 8 2988.9 
Quercus crispula Blume Fagaceae 2 5942.4 1 12.6 
Pterocarya rhoifolia Siebold et Zucc. Juglandaceae 1 972.7 169 1369.1 1 1720.2 1 1847.5 
Acer nipponicum Hara Aceraceae 3 2640.0 6 2772.4 
Aesculus turbinata Blume  Hippocastanaceae 1 1104.5 1 1225.4 1 1146.1 1 1275.6 
Swida controversa (Hemsl.) Sojak Cornaceae 2 439.5 2 0.5 1 75.4 
Sorbus commixta Hedl. var. commixta Rosaceae 1 326.9 
Styrax obassia Siebold et Zucc. Styracaceae 1 227.0 1 35.3 1 55.4 
Acer micranthum Siebold et Zucc. Aceraceae 1 118.8 2 156.3 
Symplocos chinensis (Lour.) Druce var. leucocarpa (Nakai) 
Ohwi Symplocaceae 6 6.1 35 100.8 32 139.8 
Styrax japonica Siebold et Zucc. Styracaceae 2 24.2 7 47.3 4 60.3 4 88.7 
Cryptomeria japonica (L. fil.) D. Don  var. radicans Nakai Cupressaceae 4 111.7 3 81.3 2 1.0 4 20.6 
Acer sieboldianum Miq. Aceraceae 2 66.1 1 84.9 
Viburnum plicatum Thunb. var. tomentosum (Thunb. ex 
Murray) Miq. Caprifoliaceae 1 4.2 1 9.1 4 57.1 4 58.9 
Acanthopanax sciadophylloides Fr. et Sav. Araliaceae 1 33.2 1 63.6 
Acer amoenum Carr. var. matsumurae (Koidz.) Ogata Aceraceae 2 35.7 2 54.8 
Pterostyrax hispida Siebold et Zucc. Styracaceae 8 3.6 17 81.2 
Hamamelis japonica Siebold et Zucc. var. obtusata 
Matsumura Hamamelidaceae 6 30.1 5 41.4 
Acer mono Maxim. Aceraceae 1 3.1 2 23.6 2 26.2 
Weigela hortensis (Siebold et Zucc.) K. Koch Caprifoliaceae 10 5.4 2 20.3 1 18.9 
Benthamidia japonica (Siebold et Zucc.) Hara Cornaceae 1 27.3 5 1.1 2 5.7 2 9.4 
Symplocos coreana (Lev.) Ohwi Symplocaceae 2 3.2 1 8.0 5 10.6 5 16.3 
Stewartia pseudocamellia Maxim. Theaceae 1 12.6 1 23.8 
Rubus crataegifolius Bunge Rosaceae 53 31.9 
Viburnum plicatum Thunb. var. tomentosum (Thunb. ex 
Murray) Miq. Caprifoliaceae 6 11.9 5 6.6 3 2.4 2 9.1 
Euonymus oxyphyllus Miq. Celastraceae 4 15.8 
Aralia elata (Miq.) Seemann form. elata Araliaceae 3 11.5 
Acer japonicum Thunb. Aceraceae 1 11.3 
Rubus palmatus Thunb. Rosaceae 30 9.2 
Acer rufinerve Siebold et Zucc. Aceraceae 1 3.8 
Mallotus japonicus Muell. Arg. Euphorbiaceae 1 2.5 
Callicarpa japonica Thunb. Verbenaceae 10 2.2 
Deutzia crenata Siebold et Zucc. Saxifragaceae 4 1.5 
Carpinus laxiflora (Siebold et Zucc.) Blume Betulaceae 1 0.8 
Phellodendron amurense Rupr. Rutaceae 2 0.8 
Corylus sieboldiana Blume Betulaceae 2 0.8 
Lindera erythrocarpa Makino Lauraceae 1 0.5 
Hydrangea serrata (Thunb. ex Murray) Seringe Saxifragaceae 2 0.3 
Ligustrum tschonoskii Decne. Oleaceae 1 0.1 
Sambucus racemosa L. subsp. sieboldiana (Miq.) Hara var. 
sieboldiana
Caprifoliaceae 1 0.1 　 　 　 　
Total 41 12164.4 350 6190.3 86 6247.7 77 6739.6 
The number of species in total 18 30 20 18
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salicina，オオカメノキ Viburnum furcatumであった．そ
れに対して，タンナサワフタギ，クロモジ，リョウブ，






録された 16 種の木本種は，2011 年において個体数を減
少させたか，もしくは変化がなかった（表 4）．一方，
処理区内では，2006 年には 13 種が低木層で記録された
が，2011 年には 38 種に大きく増加していた．とりわけ
個体数（樹幹数）の増加が著しかったのは，ヤマアジサ
イ Hydrangea serrata（1から 740），サワグルミ（0から
399），ナガバノモミジイチゴ Rubus palmatus（0 から





一山型の分布を示していた（図 3 g, h）．高木性種のサ
ワグルミは，低木層において一様型の個体群構造を示し
た（図 3f）．サワグルミ群集の低木層に出現した不嗜好
性種 （阪口ら，2012） は，オオバアサガラ Pterostyrax 
hispida，タンナサワフタギ，サワフタギ Symplocos 
chinensis var. leucocarpa，アシウスギ，テツカエデ，カ











数）．注釈：RC = 2006 年から 2011 年の間に低木層から上層へと進界した幹数．
Table 3. The list of tree species recorded in the shrub layer of the ridgetop plots (each 800m2). Shown for each species are life form, deer 
preference and number of stems. Note: RC = the number of tree stems recruited in the upper layer (>130cm in height) during the five years 
since 2006.
Species Family Life form Preference
Fenced Control
2006 2011 RC 2006 2011 RC
Cryptomeria japonica (L. fil.) D. Don var. radicans Nakai Cupressaceae Tree Low 232 188 30 251 221 24
Symplocos coreana (Lev.) Ohwi Symplocaceae Shrub Low 31 51 4 96 82 11
Menziesia cilicalyx (Miq.) Maxim. Ericaceae Shrub High 52 40 1 19
Lindera umbellata Thunb var. umbellata Lauraceae Shrub High 5 25 4
Clethra barbinervis Siebold et Zucc. Clethraceae Tree High 1 15 1 9
Ilex pedunculosa Miq. Aquifoliaceae Tree High 9 7 2 1
Rhus tricocarpa Miq. Anacardiaceae Tree High 10
Hamamelis japonica Siebold et Zucc. var. obtusata 
Matsumura Hamamelidaceae Tree High 8
Lyonia ovalifolia (Wall.) Drude var. elliptica (Siebold et 
Zucc.) Hand.-Mazz. Ericaceae Tree High 4 4
Hydrangea paniculata Siebold et Zucc. Saxifragaceae Tree High 7 1
Fagus crenata Blume Fagaceae Tree High 3 3 2
Ilex crenata Thunb.var. radicans Aquifoliaceae Shrub High 2 3
Carpinus laxiflora (Siebold et Zucc.) Blume Betulaceae Tree High 2 1
Eurya japonica Thunb. Theaceae Shrub High 3 3
Magnolia salicifolia Maxim. Magnoliaceae Tree High 3
Acer rufinerve Siebold et Zucc. Aceraceae Tree High 3
Styrax japonica Siebold et Zucc. Styracaceae Tree High 2
Castanea crenata Siebold et Zucc. Fagaceae Tree High 2
Quercus salicina Blume Fagaceae Tree High 1 1
Ilex macropoda Miq. Aquifoliaceae Tree High 1
Acer sieboldianum Miq. Aceraceae Tree High 1
Rubus crataegifolius Bunge Rosaceae Shrub High 1
Viburnum furcatum Blume ex Maxim. Caprifoliaceae Tree High 　 　 1 　 　
Density of tree stems (/800m2) 354 360 43 387 305 35 
The number of species in total 14 16 7 9 4 2 
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表 4　 ジュウモンジシダ -サワグルミ群集に設置された方形区（/800m2）の低木層に出現した木本植物の生活型，シカの嗜好性，調査
区での出現個体数（幹数）．注釈：RC = 2006 年から 2011 年の間に低木層から上層へと進界した幹数．
Table 4. The list of tree species recorded in the shrub layer of the streamside plots (each 800 m2). Shown for each species are life form, 
deer preference and number of stems. Note: RC = the number of tree stems recruited in the upper layer (>130 cm in height) during the five 
years since 2006.
Species Family Life form Preference
Fenced Control
2006 2011 RC 2006 2011 RC
Hydrangea serrata (Thunb. ex Murray) Seringe Saxifragaceae Shrub High 1 740 2 
Pterocarya rhoifolia Siebold et Zucc. Juglandaceae Tree High 399 167 4 
Rubus palmatus Thunb. Rosaceae Shrub High 325 30 
Rubus crataegifolius Bunge Rosaceae Shrub High 88 53 
Symplocos chinensis (Lour.) Druce var. leucocarpa (Nakai) 
Ohwi Symplocaceae Shrub High 1 14 6 29 25 1 
Pterostyrax hispida Siebold et Zucc. Styracaceae Tree Low 25 12 13 
Symplocos coreana (Lev.) Ohwi Symplocaceae Shrub Low 8 1 23 4 
Viburnum plicatum Thunb. Caprifoliaceae Shrub High 4 17 3 6 3 
Betula grossa Siebold et Zucc. Betulaceae Tree High 27 
Acer nipponicum Hara Aceraceae Tree Low 12 15 4 
Ligustrum tschonoskii Decne. Oleaceae Shrub High 3 15 1 4 1 
Swida controversa (Hemsl.) Sojak Cornaceae Tree High 22 2 
Callicarpa japonica Thunb. Verbenaceae Shrub High 1 21 10 
Cryptomeria japonica (L. fil.) D. Don var. radicans Nakai Cupressaceae Tree Low 4 4 1 10 2 2 
Styrax japonica Siebold et Zucc. Styracaceae Tree High 8 9 5 1 1 
Weigela hortensis (Siebold et Zucc.) K. Koch Caprifoliaceae Shrub High 18 10 
Benthamidia japonica (Siebold et Zucc.) Hara Cornaceae Tree High 7 5 5 5 1 
Clethra barbinervis Siebold et Zucc. Clethraceae Tree High 16 1 
Acer micranthum Siebold et Zucc. Aceraceae Tree High 14 1 
Hamamelis japonica Siebold et Zucc. var. obtusata 
Matsumura Hamamelidaceae Tree High 6 4 
Daphne miyabena Makino Thymelaeaceae Shrub Low 6 3 
Aralia elata (Miq.) Seemann Araliaceae Shrub High 7 3 
Corylus sieboldiana Blume Betulaceae Shrub High 2 4 2 
Pourthiaea villosa (Thunb.) Decne. var. laevis (Thunb.) 
Stapf. Rosaceae Shrub High 5 
Ilex macropoda Miq. Aquifoliaceae Tree High 3 1 
Ilex crenata Thunb.var. radicans Aquifoliaceae Shrub High 4 
Lindera erythrocarpa Makino Lauraceae Tree High 2 2 1 1 
Stewartia pseudocamellia Maxim. Theaceae Tree High 3 
Carpinus laxiflora (Siebold et Zucc.) Blume Betulaceae Tree High 2 1 
Euonymus alatus Siebold form. striatus (Thunb.) Makino Celastraceae Shrub High 2 
Clerodendrum trichotomum Thunb. Verbenaceae Shrub High 2 
Aesculus turbinata Blume Hippocastanaceae Tree High 2 
Deutzia crenata Siebold et Zucc. Saxifragaceae Shrub High 2 4 
Prunus grayana Maxim. Rosaceae Tree High 2 
Mallotus japonicus Muell. Arg. Euphorbiaceae Tree High 1 1 
Styrax obassia Siebold et Zucc. Styracaceae Tree High 1 
Hovenia tomentella (Makino) Nakai Rhamnaceae Tree High 1 
Prunus incisa Thunb. ex Murray subsp. kinkiensis 
(Koidz.) Kitamura Rosaceae Tree High 1 
Hydrangea hirta (Thunb. ex Murray) Siebold et Zucc. Saxifragaceae Shrub High 1 
Lindera umbellata Thunb  var. umbellata Lauraceae Shrub High 1 
Fraxinus sieboldiana Blume Oleaceae Tree High 1 
Sambucus racemosa L. subsp. sieboldiana (Miq.) Hara var. 
sieboldiana Caprifoliaceae Shrub High 1 1 
Rhus javanica L. var. roxburghii (DC.) Rehder et Wils. Anacardiaceae Tree High 1 
Viburnum furcatum Blume ex Maxim. Caprifoliaceae Tree High 1 
Phellodendron amurense Rupr. Rutaceae Tree High 1 
Acer japonica Thunb. Aceraceae Tree High 1 
Fagus crenata Blume Fagaceae Tree High 　 　 1 　 　 　
Density of tree stems (/800m2) 82 1800 329 101 47 4 
The number of species in total 13 38 25 16 10 3 



















頭 /km2 であり（2006-2011 年の 12 月に行われた区画法
による推定値；高柳，未発表），この密度レベルはシカ
による植生の荒廃が問題化した地域に比べるとかなり低
い（安藤・合田 , 2009; 村田 , 2009）．ただし，本地域に
おいて，夏から秋にかけてシカの目撃数が増加する傾向












































ることが報告されている（Kato and Okuyama, 2004; 藤




個体がカシノナガキクイムシ Platypus quercivorus 
(Murayama)の集団穿孔を受けて枯死に至りやすい
















接的に促進される可能性がある（寺井・柴田 , 2002; 
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あるコバノイシカグマ Dennstaedtia scabra (Wall. ex 
Hook.) Mooreやミヤマカンスゲ Carex multifolia Ohwi






































イヌガヤ，コマユミ Euonymus alatus (Thunb.) Sieb.，ヤ
マアジサイ，ウリノキ Alangium platanifolium Harmsな



































（Kaneko and Kawano, 2002），同齢の個体群がパッチ状
に林冠を占有するという分布パターンが見られることが
ある（Sakio et al., 2002）．処理区内の方形区において，
サワグルミは数多くの稚樹（566 本 /800m2）を更新させ，
そのうちの 30%の個体は 2011 年において樹高が 130cm
を超えていた．また，低木層にある個体群の樹高階分布
















































なお，本研究の一部は，文部科学省 21 世紀 COEプ
ログラム「昆虫科学が拓く未来型食料環境学の創生」，
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